Study Design: Retrospective study. Purpose: To investigate the influence of fat infiltration at low back extensor muscles on osteoporotic vertebral fracture. Overview of Literature: In persons with stronger back muscles, the risk of osteoporotic vertebral fractures will likely be lower than in those persons with weaker back muscles. However, the degree of influence of fat infiltration of the back extensor muscle on osteoporotic vertebral fracture remains controversial. Methods: Two hundred and thirty-seven patients who had undergone lumbar spine magnetic resonance imaging and bone mineral density (BMD) were enrolled in this study. The amount of low back extensor muscle was determined using the pseudocoloring technique on an axial view of the L3 level. The patients were divided into two groups: osteoporotic vertebral fracture group (group A) and non-fracture group (group B). The amount of low back extensor muscle is compared with BMD, degenerative change of disc, osteophyte grade of facet joint and promontory angle to reveal the association between these factors. Results: A negative correlation is found between age and the amount of low back extensor muscle (p=0.001). The amount of low back extensor muscle in group A and group B was 60.3%±14.5% and 64.2%±9.3% respectively, thus showing a significantly smaller amount of low back extensor muscle in the osteoporotic vertebral fracture group (p=0.015). Conclusions: Fat infiltration of low back extensor muscle was increased in osteoporotic vertebral fracture patients. Therefore, fat infiltration of low back extensor muscle in an elderly person may be a risk factor of osteoporotic vertebral fracture. 
Introduction
As the aging population has been rapidly increasing, osteoporosis has been emerging as an important public health issue because it can cause many problems such as fracture, disability, and associated complications which result in significant medical, social, and economic problems and eventually to higher social costs [1, 2] . Management of osteoporosis to prevent fracture has become a major issue in public health care, and multi-factorial investigation is currently being carried out. Most of the previous studies have typically focused on the influence of bone mineral density (BMD), bone loss, and mechanical properties that may contribute to vertebral fracture [3] [4] [5] .
However, Sievanen et al. [6] emphasized the importance of macro-architectural properties as well as microarchitectural properties in vertebral resistance against fracture. Briggs et al. [7] also mentioned the role of the global environment such as the body position and local environment (including intervertebral disc integrity and paravertebral muscle strength) in preventing vertebral fracture. In 1996, Sinaki et al. [8] suggested that strengthening of back extensor muscle may prevent osteoporotic vertebral fracture and they reported that the relative risk for compression fracture was 2.7 times lower in the backexercise group than in the control group in a prospective 10 year follow-up study [9] .
We hypothesized that the fat infiltration of the back extensor muscle could increase the risk of osteoporotic vertebral fracture. Fat infiltration seems to be a late stage of muscular degeneration, and can be measured in a noninvasive manner using magnetic resonance imaging. The aim of this study was to evaluate the influence of fat infiltration of the back extensor muscle on osteoporotic vertebral fracture. We investigated whether the increased fat infiltration of the back extensor muscle had any effect on the development of vertebral compression fracture, or the development of age-related changes such as loss of bone mineral density.
Materials and Methods
Two hundred and thirty-seven patients who participated in this study underwent both BMD and magnetic resonance imaging (MRI) of the lumbar spine from January 2006 to April 2011. We divided the patients into two groups, depending on the existence of vertebral fracture confirmed by MRI: the fracture group of 96 patients and the non-fracture group of 141 patients. Of the 237 patients, 33 were male and 204 were female: 16 male and 80 female in the fracture group and 17 male and 124 female in the non-fracture group. The mean age of the patients was 68.7 years (range, 21−91 years): 70.8 years (range, 50−91 years) in the fracture group and 67.2 years (range, 21−85 years) in the non-fracture group. This study was approved by the Institutional Review Board in Kwangju Christian Hospital.
BMD was obtained with dual-energy X-ray absorptiometry (DXA), and DXA scans were performed and analyzed in accordance with the manufacturer's recommendations (Explorer, Hologic Co., Bedford, MA, USA).
The MR data were acquired on the 1.5-T Signa Excite GE (General Electric, Milwaukee, WI, USA). The subjects were placed in the supine position, with their legs straight and the lumbar spine in a neutral posture. A sagittal localizing sequence was then performed to identify the lumbar disc space intervals. The midpoint of each interspace was used as a reference point and to establish the orientation of the slices for transaxial imaging. After scanning, the images were saved in DICOM file format for Picture Archiving and Communication System and the images were displayed and analyzed using PiView (Infinitt, Seoul, Korea) digital image viewing software. The pseudocoloring technique proposed by Lee et al. [10] was used for measurement of paravertebral muscle mass and fatty infiltration. The T2-weighted axial images of the L3 spine were used. The L3 paravertebral muscles were analyzed because the L3 vertebra was at the center of the lumbar lordotic curvature, so that it could most appropriately reflect the cross sectional area of the paravertebral muscle among the lumbar vertebrae. Moreover, since the osteoporotic vertebral fracture was prevalent in the thoracolumbar junction, the upper lumbar vertebral BMD was frequently disturbed. On the other hand, L4 and L5 are influenced by back muscles such as the multifidus, paraspinal and psoas muscles as these muscles are larger at the lower level, resulting in a significant difference of BMD [10] . Pseudocoloring was chosen as one of the image analyzing tools. Firstly, the regions of interest (ROI) were outlined with a graphic cursor around the back extensor muscle, the fascia thoracolumbalis was then traced down laterally and anteriorly to the dorsal side of the Fig. 1 . The T2-weighted axial images at L3 level were analyzed using PiView digital image viewing software. The regions of interest were outlined with a graphic cursor around the back muscle. The fat signal level was determined using a histogram. quadratus lumborum, followed by the posterior surface of the facet and lamina, and the lateral margin of spinous process ( Fig. 1) [10, 11] . The fat signal intensity (in gray scale) in the muscle within the ROI was measured using a histogram and the fat signal intensity was applied to the pseudocoloring tool. In this technique, the bright pixels of the fat tissue in the MR images were colored red using the pseudocoloring tool of the program. Subsequently, the percentage of fat infiltrated area in the paravertebral muscle (the percentage of red area in the muscle area) was interpreted (Fig. 2) .
The degeneration of the L3−L4 intervertebral disc was evaluated according to the Pfirmann grading system [12] , and the grade of osteophyte at the L3−L4 level was classified by Grogan's method (Table 1 ) [13] . The promontory angle was calculated between the upper margin of the sacrum and the horizontal plane on the lumbar lateral radiograph (Fig. 3) .
We analyzed the relationship between the two groups in terms of fat infiltration of the back extensor muscle, age, bone mineral density, the grade of disc degeneration, osteophyte grade at the L3−L4 level, and promontory angle.
Group comparisons for back extensor muscle ratio, disc degeneration at L3−L4, osteophyte at L3−L4, and promontory angle were made using the Student t-test. Also, the relationship between fat infiltration of the back extensor muscle and age, body mass index (BMI), disc degeneration, osteophyte, and promontory angle in all the subjects were analyzed using the Spearman correlation analysis. Each result was analyzed using the SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) and p<0.05 was considered statistically significant.
Results
The mean lumbar BMD was 0.59±0.11 g/cm 2 in the fracture group and 0.65±0.11 g/cm 2 in the non-fracture A B group. The lumbar BMD was decreased significantly in the fracture group (p=0.025). The mean amount of back extensor muscle ratio was 60.3%±14.5% in the fracture group and 64.2%±9.3% in non-fracture group, and fat infiltration in the back extensor muscle was significantly higher in the fracture group (p=0.015). The mean grade of disc degeneration was 3.4±0.6 in the fracture group and 2.6±0.7 in the non-fracture group, while the grade of disc degeneration was more progressed in the fracture group (p=0.001) ( Table 2) . In all subjects, the amount of back extensor muscle had a negative correlation with age (Spearman correlation=-0.247, p=0.001), while other factors such as BMD, BMI, disc degeneration, osteophyte, and promontory angle showed no relationship with the back extensor muscle (Table 3) .
Discussion
The age-related loss of skeletal muscle is characterized by a deterioration of muscle quantity and quality leading to a gradual slowing of movement, a decline in strength and power, and an increased risk of fall-related injuries. Briggs et al. [7] also mentioned the role of the global environment such as body position and local environment (including intervertebral disc integrity and paravertebral muscle strength) in preventing vertebral fracture. Fat infiltration seems to be a late stage of muscular degeneration. However, there was some controversy about the influence of fat infiltration of back muscle on osteoporotic vertebral fracture. We therefore asked whether 1) the fat infiltration of the back extensor muscle could increase the risk of osteoporotic vertebral fracture, 2) aging is related to the fat infiltration of back muscle, and 3) back extensor muscles may affect bone mineral density.
Back muscle may contribute to the compression fracture of vertebrae as a stabilizer and could be a factor affecting BMD. Degeneration of back muscle can weaken the stabilizing force and reduce compression pressure on the vertebral body, which results in a decrease of BMD. We believe there are two factors mainly related to vertebral compression fracture. In this study we therefore determine whether strengthening of the back muscle will improve BMD and lead to a reduction in the incidence of compression fracture. In 1996, Sinaki et al. [8] suggested that the strengthening of the back muscle may prevent osteoporotic vertebral fracture and they reported that the relative risk for compression fracture was 2.7 times lower in the back-exercise group than in the control group in a prospective 10 year follow-up study [9] . We then focused on how the back muscle affected the reduction of vertebral compression fracture. The results of this study showed fat infiltration in the back extensor muscle was significantly higher in the fracture group. The reason for the increasing interest in the back extensor muscle is that it is not only considered as a mobilizer but also as a stabilizer for the spine. Without muscular support, the spine has a compression threshold of only 2 kg before buckling [13, 14] , which means that paravertebral muscle is an important factor in preventing osteoporotic compression fracture. We believe that dysfunction of back extensor muscles with fat infiltration weakens the stabilizing ability, resulting in greater vulnerability to osteoporotic vertebral fracture. These findings reveal the importance of back extensor strengthening exercises. These results suggest that improvement of back extensor strength could reduce the risk of vertebral fractures later in life.
The degree of fat infiltration with age needs to be specially considered. Sinaki et al. found that back muscle strength was decreased by about 50.4% in woman aged between 50 to 80 years, with about 2.5% loss of muscle strength per year. Sinaki et al. [15] mentioned that muscle strength is proportional to the cross sectional area of the extensor muscle. We believe it may be caused by the fatty degeneration of the back extensor muscle with age. A comparison of the cross sectional area can be used as an index to examine the extensor back muscle strength.
Because BMD is known as the most important factor in osteoporotic vertebral fracture, we investigated whether the back extensor muscles affect BMD. To date, several investigators [16, 17] have reported that back extensor muscle and the BMD of the spine have a positive correlation, and that strengthening of the back muscle could prevent vertebral fracture. Sinaki et al. [8] also found a negative correlation between the number of vertebral fractures and back muscle strength. However, in a study of the effect of strengthening exercises for back extensor muscles in healthy postmenopausal women, while a significant increase in back extensor muscle strength and improvement of posture was demonstrated, there was no increase in BMD. Also, many previous studies have demonstrated that muscle strengthening exercises increases back muscle strength, but do not increase BMD [18] [19] [20] [21] [22] [23] . On the other hand, Halle et al. [24] mentioned that there was a positive relationship between BMD and muscle torque values of the flexor and extensor muscle at the lower lumbar spine in postmenopausal women. However, we could not find any relation between muscle ratio of back extensor and BMD. While the relationship between back extensor muscle and BMD is not clear, we believe that degeneration of back muscle can accelerate the reduction of BMD.
There are some limitations in this study. First, this study is a retrospective study. To obtain a more specific result, a prospective study is needed with a large number of subjects. Also, the subjects were predominantly woman, which means that results are influenced by hormonal effects. Furthermore, since other factors, including hormonal effects, can affect compression fracture, multivariate analysis is needed (although it is not easy to consider all other factors). An additional study to reveal the actual relationship between the amount of paravertebral muscle and back extensor strength is therefore necessary.
Conclusions
A significantly higher fat infiltration was observed of the back extensor muscle in the osteoporotic vertebral fracture group. The amount of back extensor muscle had a negative correlation with age. Therefore, fat infiltration of back extensor muscle in elderly people is considered a risk factor for osteoporotic vertebral fracture.
